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The paper studies a new type of dark energy, a scalar field with positive or negative kinetic
energy, generically coupled to a term which is composed by specific contractions of the Riemann
tensor. After presenting the resulting field equations, we have analyzed the physical characteristics
of the corresponding model by implementing the linear stability theory. In the case of an exponential
coupling function and exponential potential energy we have deduced the phase space characteristics,
analyzing the critical points obtained which can represent specific eras in the evolution of the
Universe. The analytical study is showing that this model can represent a feasible cosmological
setup, having various epochs which correspond to stiff–fluid, matter domination, and dark energy
eras, pointing towards the emergence of the accelerated expansion as a geometrical effect.
I. INTRODUCTION
The dynamics of the Universe at the large scale orga-
nization have always been a captivating area of study for
physicists in modern times. The evolution at the large
scale structure is mainly described by the general relativ-
ity theory, a theoretical framework capable of character-
izing the gravitational interaction. Although the general
relativity represents a solid element in the foundation of
modern physics, it suffers from a series of inconsistencies
and limitations concerning the juxtaposition with obser-
vations acquired by different astrophysical studies [1–4].
One of the key issues is related to the existence of the
dark energy problem, a new phenomenon discovered al-
most twenty years ago which still possesses an enigmatic
question [5–12]. This phenomenon is related to the accel-
erated expansion of the Universe and represents an open
problem in the modern cosmology [13]. The most simple
theoretical setup which can explain the accelerated ex-
pansion of the Universe is described by the ΛCDM model
[14], a theory which includes the addition of a cosmolog-
ical constant to the Einstein–Hilbert component. In this
case, the gravitational theory has a reduced complexity
and cannot explain various evolutionary aspects [15–17]
related to the behavior of the Universe at large scale,
describing inconsistently the dark sector. It can be con-
sidered only as an effective theory acting more as an ap-
proximate framework which needs to be further revised
in order to explain the astrophysical observations at large
and small scales. In the recent years many observational
studies have shown the inconsistencies and limitations of
the ΛCDM model [18–20].
Another key issue for the ΛCDM model is related to
the cosmic coincidence problem, a specific issue which
characterizes the late time evolution of the Universe
[19, 21–25]. From a theoretical perspective these issues
presents serious inconsistencies of the ΛCDM cosmologi-
cal model which needs to be addressed in order to build
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a more fundamental theory for the gravitational interac-
tion at large scales. Moreover, various studies have added
new problems and limitations for the ΛCDM model at
small scales [16, 18], opening new viable theoretical di-
rections. In scalar tensor theories, a possible extension of
the Einstein–Hilbert action includes the addition of one
or more scalar fields, minimally or non–minimally cou-
pled to various geometrical invariants [26]. The viability
of the scalar fields in the form of quintessence [27, 28]
or phantom dark energy models [29] have been analyzed,
addressing many theoretical and observational directions
in scalar tensor theories of gravitation [30–32].
In the scalar tensor cosmological models of gravity the
Einsteinian cubic gravity can be regarded as a notable
extension of the general relativity proposed recently by
Bueno and Cano [33]. This theory involves the addition
of a component which includes particular contractions
of the Riemann tensor in the cubic order. The physi-
cal properties of the Einsteinian cubic gravity have been
studied in the recent years in various directions of study
[34–38]. The extension of the Einsteinian cubic gravity
towards a generic theory which depends of the specific
cubic term have appeared in Ref. [39], showing the late
time evolution of the equation of state closer to the ob-
servational interval. The cosmological solutions based
on different black hole types in the case of Einsteinian
cubic gravity and particular generalizations have been
analyzed in [40–48]. On the other hand, the wormhole
solutions for the cubic gravity case have been analyzed
from a theoretical point of view [49]. Using the same
considerations, the relation of the cubic gravity with the
inflationary dynamics have been addressed in Refs. [50–
52]. Then, from a dynamical perspective the viability of
the generalized cubic gravity have been studied also by
considering the linear stability theory for exponential and
power law types [53]. The case where a cosmological con-
stant is added to the Einsteinian cubic gravity has been
investigated using the dynamical system analysis, reveal-
ing the phase space properties and various fundamental
aspects [54].
In this paper we shall investigate the case of scalar
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2fields with both positive and negative kinetic terms en-
dowed with potential energy, non–minimally coupled in
a generic manner with a term which contains specific
contractions of the Riemann tensor in the third order
[33, 39]. The physical consequences of the non–minimal
coupling with specific cubic contractions of the Riemann
tensor will be discussed by adopting the linear stability
theory [26] in the case where both the coupling function
and the potential energy have an exponential behavior.
The main aim of the investigation is related to the anal-
ysis of the phase space structure and the theoretical vi-
ability of such a cosmological model in an attempt of
explaining the late time evolution of the Universe at the
level of background dynamics, offering a possible solution
to the existence of the matter epoch and the accelerated
expansion era near the de–Sitter regime without fine–
tuning.
The plan of the paper is the following: in Sec. II we
present the action corresponding to our model and the re-
sulting field equations, the Klein–Gordon and the modi-
fied Friedmann relations. Then, in Sec. III we analyze the
physical characteristics of our model by using the linear
stability method, in the case of an exponential coupling
function and potential energy, discussing the viability of
the proposed cosmological model. Lastly, we present the
summary of our study and the final concluding remarks
in Sec. IV.
II. THE MODEL
In this section, we shall discuss the action and the re-
sulting field equations for the cosmological model. Be-
fore proceeding to the presentation of the action for
the cosmological model we specify the convention of the
Robertson–Walker metric associated to the FRW back-
ground:
ds2 = −dt2 + a2(t)δjudxjdxu. (1)
In this background we denote with a(t) the time depen-
dent cosmic scale factor which describes a homogeneous
and isotropic Universe. We shall extend the Einstein–
Hilbert action by adding a scalar field which can be
canonical or non–canonical, having a positive or nega-
tive kinetic energy, with the associated sign embedded
into the value of the  parameter. In the present cosmo-
logical model the scalar field is endowed with a potential
energy term, having a non–minimal coupling with a term
which contains specific contractions of the Riemann ten-
sor up to the cubic order. The resulting action which
can describe such a cosmological scenario has the follow-
ing form [39]:
S = Sm+
∫
d4x
√−g
(
R
2
− 
2
gµν∂µφ∂νφ−V (φ)+f(φ)P
)
,
(2)
where [33]
P = β1R
ρ σ
µ ν R
γ δ
ρ σ R
µ ν
γ δ + β2R
ρσ
µνR
γδ
ρσR
µν
γδ
+β3R
σγRµνρσR
µνρ
γ+β4RRµνρσR
µνρσ+β5RµνρσR
µρRνσ
+ β6R
ν
µR
ρ
νR
µ
ρ + β7RµνR
µνR+ β8R
3. (3)
Next, considering the following inter–relations between
various parameters associated to the cubic term [33, 39]:
β7 =
1
12
[
3β1 − 24β2 − 16β3 − 48β4 − 5β5 − 9β6
]
, (4)
β8 =
1
72
[− 6β1 + 36β2 + 22β3 + 64β4 + 5β5 + 9β6], (5)
β6 = 4β2 + 2β3 + 8β4 + β5, (6)
β¯ = (−β1 + 4β2 + 2β3 + 8β4). (7)
we can show that for the current cosmological back-
ground the cubic component represents a second order
term, with the following expression:
P = 6β¯H4(2H2 + 3H˙). (8)
For the action proposed in the relation (2) the dynam-
ics of the corresponding gravitational sector [39] are de-
scribed by the following modified Friedmann relations:
3H2 = ρm + ρφ, (9)
3H2 + 2H˙ = −pm − pφ, (10)
where
ρφ =
1
2
φ˙2 + V (φ) + 6βf(φ)H6 − 18βH5 df(φ)
dφ
φ˙, (11)
pφ =
1
2
φ˙2 − V (φ)− 6βf(φ)H6 − 12βf(φ)H4H˙
+ 12βH5
df(φ)
dφ
φ˙+ 24βH3
df(φ)
dφ
H˙φ˙
+ 6βH4φ˙2
d2f(φ)
dφ2
+ 6βH4
df(φ)
dφ
φ¨. (12)
We can further define the equation of state for the scalar
field
wφ =
pφ
ρφ
, (13)
and the effective equation of state for the scalar field
model non–minimally coupled to the specific cubic con-
tractions of the Riemann tensor:
weff =
pm + pφ
ρm + ρφ
= −1− 2
3
H˙
H2
. (14)
3In this case the Klein–Gordon relation can be written
as:
(φ¨+3Hφ˙)+
dV (φ)
dφ
−6βH4(2H2+3H˙)df(φ)
dφ
= 0. (15)
Due to the fact that the action doesn’t contains any
terms where the geometry is coupled with the energy mo-
mentum tensor we can expect that the dark energy com-
ponent is characterized by a standard continuity equation
of the following type
ρ˙φ + 3H(ρφ + pφ) = 0. (16)
For the matter component (pm = wmρm) described
by the Sm term in the total action (2) we also have a
continuity equation :
˙ρm + 3H(ρm + pm) = 0. (17)
Lastly, we can define in the usual manner the density
parameters for the two constituents, the matter compo-
nent
Ωm =
ρm
3H2
, (18)
and the dark energy sector as the scalar field non–
minimally coupled to cubic contractions of the Riemann
tensor
Ωφ =
ρφ
3H2
, (19)
obtaining the ordinary constraint
Ωm + Ωφ = 1. (20)
III. THE PHASE SPACE AND THE
CORRESPONDING PHYSICAL ASPECTS
In this section, we start with the transformation of
the equations corresponding to the cosmological model
from the cosmic time t to N = log(a), linearizing the
dynamical equations. In what follows we introduce the
specific variables:
x =
φ˙√
3H
, (21)
y =
√
V (φ)√
3H
, (22)
z = 2βf(φ)H4, (23)
s = Ωm =
ρm
3H2
, (24)
rewriting the first Friedmann equation into the following
relation:
1 = s+
1
2
x2 + y2 + z − 3
√
3αzx. (25)
For the Klein–Gordon equation, we can write:
φ¨+ 3
√
3H2x− λ3H2y2 − 6H2αz − 9H˙αz = 0. (26)
Note that in this case we have considered an exponential
coupling and potential energy, described by
V (φ) = V0e
−λφ, (27)
f(φ) = f0e
αφ, (28)
with V0, f0, α, λ constant parameters. The second Fried-
mann relation which characterizes the dynamical accel-
eration of the model has the following formula:
− 3H2 − 2H˙ = swm3H2 + 1
2
x2H23− 3H2y2 − 3H2z
− 6zH˙ + 12
2
αzxH2
√
3 + 12αzx
√
3H˙ + 9x2H2α2z
+ 3αzφ¨. (29)
Then, we can write the explicit dynamical system
where we denote with ′ the differentiation withe respect
to N , considering N = log(a):
x′ =
dx
dN
=
1√
3
φ¨
H2
− x H˙
H2
, (30)
y′ =
dy
dN
= −
√
3
2
λyx− y H˙
H2
, (31)
z′ =
dz
dN
= αzx
√
3 + 4z
H˙
H2
. (32)
At this point, we can note that the dynamical system as-
sociated to the present cosmological model is completely
autonomous and can be characterized by the specific
method which uses the linear stability theory. Notice
also that in our case the system becomes a three dimen-
sional one by using the Friedmann constraint expressed
in eq. 25. With all of these considerations, our dynamical
system reduces in the final form to:
4x′ =
1
12z
(
2
√
3αx− 1)+ 54α2z2 + 4 ·
(
−3x32wm+27
√
3αx2zwm−6xy2wm−162α2xz2wm−6xzwm+6xwm
+18
√
3αy2zwm+18
√
3αz2wm−18
√
3αzwm+18α
2x3z+3x32−54
√
3α3x2z2−87
√
3αx2z+90αλxy2z−6xy2+72α2xz2
+ 30xz− 6x+ 4
√
3λy2 + 18
√
3αy2z − 12
√
3λy2z − 6
√
3αz2 − 10
√
3αz
)
, (33)
y′ =
1
12z
(
2
√
3αx− 1)+ 54α2z2 + 4 ·
(
− 3x2y2wm + 18
√
3αxyzwm − 6y3wm − 6yzwm + 6ywm + 18α2x2yz
−36αλx2yz+3x2y2−27
√
3α2λxyz2−6
√
3αxyz+6
√
3λxyz−2
√
3λxy+18αλy3z−6y3+36α2yz2−6yz+6y
)
,
(34)
z′ =
1
6z
(
2
√
3αx− 1)+ 27α2z2 + 2 ·
(
6x2z2wm − 36
√
3αxz2wm + 12y
2zwm + 12z
2wm − 12zwm − 6x2z2
+ 27
√
3α3xz3 + 6
√
3αxz2+ 2
√
3αxz− 36αλy2z2 + 12y2z− 72α2z3 + 12z2− 12z
)
. (35)
Next, we also add the relation for the effective equation of state,
weff =
x2
(−wm + 6α2z + )+ 2√3αxz (3wm − 7)− 2y2 (wm − 3αλz + )− 2zwm + 2wm − 15α2z2 + 4z
6z
(
2
√
3αx− 1)+ 27α2z2 + 2 .
(36)
Cr.Point x y z Ωm weff Eigenvalues
P1 0 0 0 1 wm
[
3
2
(wm − 1) ,−6 (wm + 1) , 32 (wm + 1)
]
P2 0
√
2
√
α√
2α−λ
λ
λ−2α 0 -1 See discussion.
P3
2
√
3(wm+1)
α
0
6(w2m−1)
α2(9wm+5)
6(9w3m−6w2m−37wm−22)
α2(9wm+5)
+ 1 wm See discussion.
P4 −
√
2√

0 0 0 1
[
−
√
6α√

− 12, 3− 3wm,
√
3
2
λ√

+ 3
]
P5
√
2√

0 0 0 1
[√
6α√

− 12, 3− 3wm, 3−
√
3
2
λ√

]
P6
√
3(wm+1)
λ
−
√
3
2
√
−w2m
λ
0 1− 3(wm+1)
λ2
wm See discussion.
P7
√
3(wm+1)
λ
√
3
2
√
−w2m
λ
0 1− 3(wm+1)
λ2
wm See discussion.
P8
λ√
3
√
1− λ2
6
0 0 λ
2
3
− 1
[
αλ

− 2λ2

, λ
2
2
− 3,−3wm + λ2 − 3
]
TABLE I: The critical points in the phase space and some of the physical characteristics.
In the Table I we show the critical points attached to
the present cosmological scenario which includes the ad-
dition to the Einstein Hilbert action of a scalar field (with
positive or negative kinetic energy), non–minimally cou-
pled to a specific invariant which is embedding various
cubic contractions of the Riemann tensor. Notice that
the exact relations for the eigenvalues in the case of com-
plex cosmological solutions are presented as a discussion
in the text. In the next paragraphs we shall describe each
critical point in detail, analyzing the possible viability of
the corresponding cosmological solutions from a physical
and dynamical point of view.
The first critical point P1 represents the origin of the
phase space, a matter dominated epoch (Ωm = 1), with-
out any influence from any kinetic/potential features of
the scalar field, or non–minimal coupling effects. At this
point, the effective equation of state describes a matter
content (weff = wm). If we take into account a dust
scenario where the matter component act as a cold gas
without pressure (wm = 0), then the solution is always
saddle from a dynamical point of view.
The second critical point P2 represents a cosmological
solution characterized by physical effects from the po-
tential energy and the non–minimal coupling component.
5λ
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FIG. 1: The figure describes a possible interval for the P2 critical point where the cosmological solution is physically
viable and stable ( = +1, wm = 0, quintessence case).
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FIG. 2: The figure displays a region for the P2 critical point where the cosmological solution is physically viable and
stable ( = −1, wm = 0, phantom case).
The location in the phase space structure is influenced by
the α and λ parameters, embedding viable effects from
the strength of the cubic coupling and the potential en-
ergy. For this solution the scalar field mimics a de Sit-
ter regime, behaving as a cosmological constant. From
a dynamical perspective the explicit form of the result-
ing eigenvalues are too cumbersome to be written in the
manuscript, the analysis continuing with the presenta-
tion of some figures in some specific cases. At this point
we also have to take into account the existence conditions
related to a non zero denominator and the fact that the
potential energy has to be positive, requiring y ∈ R≥0.
For the P2 cosmological solution we have presented in
Figs. 1–2 some possible intervals for the variation of the
λ and α parameters which correspond to a stable sce-
nario in the case of quintessence and phantom instances.
The numerical evolution near the P2 cosmological solu-
tion is represented in Figs. 3–4 in the stable scenario for
specific initial conditions and values of the corresponding
parameters.
The next critical point, the P3 solution represents a
scaling solution where the kinetic energy and the cubic
coupling are affecting the physical features, the location
in the phase space structure and the dynamical features.
In the case where the matter component is a dust (wm =
0), the resulting eigenvalues have a simple expression as
follows:
6-0.05 0.05 0.10 x
1.05
1.10
1.15
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y
FIG. 3: The figure shows a numerical evolution towards the P2 critical point. ( = +1, quintessence case, α = −1.5,
λ = −0.5, wm = 0).
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y
FIG. 4: The numerical evolution towards the P2 solution. ( = +1, quintessence case, α = −1.5, wm = 0, λ = −0.5).
[
− 75α
3
100α3− 2016α2 +
1512α2
100α3− 2016α2 −
3
√
10625α62 − 490800α43 + 5576256α24
100α3− 2016α2 ,
− 75α
3
100α3− 2016α2 +
1512α2
100α3− 2016α2 +
3
√
10625α62 − 490800α43 + 5576256α24
100α3− 2016α2 ,
3
2
− 3λ
α
]
. (37)
If we further consider the dust type for the matter
component (wm = 0) and the quintessence case ( = +1),
then the matter density parameter is equal to
Ωm = 1− 132
5α2
, (38)
respecting the viability conditions, i.e. 0 ≤ Ωm =
1 − Ωφ ≤ 1. For the P3 critical point we have repre-
sented in Fig. 5 possible intervals for the λ and α param-
eters where the solution is physically viable, describing a
saddle scenario from a dynamical perspective.
Further, if we take into account the dust type for the
matter component (wm = 0) and the phantom case ( =
−1), then the matter density parameter is equal to
Ωm =
132
5α2
+ 1, (39)
describing a solution which is not physically viable, not
meeting the viability conditions presented above.
Next, the P4 and P5 critical points are kinetic solutions
which are describing an era dominated by the kinetic en-
ergy of the scalar field, simulating a stiff–fluid scenario.
This solution is physically viable only in the quintessence
case, where  = +1. We should note that in the dust
case (wm = 0) one of the eigenvalues is always positive.
Hence, from a dynamical point of view this cosmological
solution can be either saddle or unstable, depending on
the sign and values of the λ and α parameters, represent-
ing a particular epoch which has a limited interest in the
analysis due to the non–negativity of the total effective
equation of state.
The P6 and P7 critical points are characterized by the
scalar field’s kinetic and potential energy terms, simulat-
ing a matter dominated epoch as a background physical
7λ
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FIG. 5: The figure is showing specific intervals for the P3 critical point where the cosmological solution is physically
viable and saddle ( = +1, quintessence case).
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FIG. 6: The figure is showing specific intervals for the P7 critical point where the cosmological solution is physically
viable and stable spiral ( = +1, quintessence case, wm = 0).
effect. The location in the phase space structure is af-
fected by the sign of the kinetic energy, the strength of
the potential, and the barotropic parameter wm which
encodes effects from the pressure of the matter compo-
nent. As can be noted, the P6 solution is physically vi-
able if we take into consideration that the λ parameter is
negative, while for the P7 the λ constant has to be pos-
itive. For the P6 and P7 cosmological solutions we have
obtained the following eigenvalues:
[3(α− 2λ) (wm + 1)
λ
,
3
4
(wm − 1)− 3
√
λ10 (−2) (wm − 1) (24 (wm + 1) 2 − λ2 (9wm + 7))
4λ6
,
3
√
λ10 (−2) (wm − 1) (24 (wm + 1) 2 − λ2 (9wm + 7))
4λ6
+
3
4
(wm − 1)
]
. (40)
In what follows we shall present the physical and dy-
namical analysis for the P7 solution which implies a pos-
itive sign for the λ parameter. If we set the cold scenario
(wm = 0), then the y part of the solution depends on
the square root of the  parameters, viable from a physi-
cal point of view only in the quintessence case ( = +1).
In this case the expressions for the eigenvalues acquire a
more simpler form,
8FIG. 7: The figure is showing specific intervals for the P8 critical point where the cosmological solution is physically
viable and stable, describing an accelerated epoch ( = +1, quintessence case).
[3α
λ
− 6,−3
√
24λ10 − 7λ12
4λ6
− 3
4
,
3
√
24λ10 − 7λ12
4λ6
− 3
4
]
, (41)
with the matter density parameter:
s = 1− 3
λ2
. (42)
A possible interval for the variation of the α and λ where
this solution is viable and stable spiral (with imaginary
parts in the eigenvalues) is presented in Fig. 6. If we take
into account a particular case where the P7 critical point
is purely stable (all the eigenvalues are real and negative),
then we obtain the following conditions for the λ and α
parameters:
(
α ≤ 2
√
3 ∧
√
3 < λ ≤ 2
√
6
7
)
∨
(
2
√
3 < α < 4
√
6
7
∧ α
2
< λ ≤ 2
√
6
7
)
. (43)
The last critical point, denoted as P8 represents a
scalar field dominated solution described by the kinetic
and potential energies of the scalar field. The location in
the phase space structure is affected mainly by the sign
of the kinetic energy and the λ parameter. In this case,
for a canonical scalar field ( = +1) the effective equation
of state can correspond to a quintessence regime. How-
ever, for negative  the effective equation of state becomes
super–accelerated, associated to a phantom regime. For
this solution the expressions of the corresponding eigen-
values are simple as presented in Table I. We have dis-
played in Fig. 7 a three dimensional region plot where the
solution is viable and stable, describing an accelerated
expansion era. Lastly, we note that the last three cosmo-
logical solutions P6, P7, P8 are not affected by the specific
cubic couplings and might appear [26] in the phase space
structure also in the minimal coupling case.
IV. CONCLUSIONS
In this paper we have further extended the Einstein–
Hilbert action by adding a scalar field non–minimally
coupled in a generic manner to specific contractions of
the Riemann tensor up to the cubic order. Taking into
account specific interrelations between various constants
for the cubic term, the resulting modified Friedmann re-
lations associated to the gravitational sector become sec-
ond order equations. The analysis presented here have
taken into account the case of a positive and negative
kinetic term, a scalar field model endowed with a poten-
tial energy of the exponential type. After deducing the
Klein–Gordon equations and the modified Friedmann re-
lations in the case of the Robertson–Walker metric, the
analysis continue with the usage of linear stability theory
in the case of an exponential coupling function associ-
ated to the term which contains the cubic contractions
of the Riemann tensor. In this case we have introduced
the phase space variables, approximating the dynamics
9for the cosmological model as an autonomous system of
differential equations. Further, we have determined the
associated critical points which can represent different
stages in the evolution of the Universe, linearizing the
equations for the dynamical system around the cosmo-
logical solutions.
In the case of scalar fields (quintessence and phan-
tom, respectively) non–minimally coupled to a compo-
nent based on specific contractions of the Riemann tensor
up to the cubic order we have observed that the phase
space structure is rich in the dynamical features, con-
taining eight critical points which are physically viable.
The analysis showed the existence of five classes of criti-
cal points, offering possible trajectories associated to the
evolution of the Universe as it is considered in the mod-
ern cosmological theories from an observational point of
view.
The first class of critical points represents a dynami-
cal solution where the effective equation of state mimics a
stiff–fluid scenario, an epoch which is not of great interest
in the modern cosmology since it cannot explain the mat-
ter dominated epoch and the accelerated expansion near
the de–Sitter regime at late times without fine–tuning the
initial conditions in the complexity of the phase space
structure. For this solution we note the domination of
the dark energy component, en epoch characterized and
driven mainly by the kinetic term, viable only for the
canonical case. From a dynamical point of view this so-
lution cannot be stable, it exists only in the quintessence
scenario, denoting a saddle or unstable behavior.
The second class of cosmological solutions is repre-
sented by different critical points which can explain the
matter dominated epoch in the history of our Universe.
In the analysis the origin of the phase space represents a
matter dominated epoch characterized by the domination
of the matter component, an era which is always saddle if
we take into account that the pressure of the matter is ab-
sent. For this critical point we note that the scalar field is
not driven the dynamics, having no manifestation from
the kinetic and potential energy, or the coupling term.
In our analysis we have observed that the structure of
the phase space consists of three more cosmological so-
lutions where the effective equation of state mimics a
matter dominated epoch, critical points which are driven
by various components of the scalar field non–minimally
coupled to specific contractions of the Riemann tensor up
to third order. For these critical points we note that the
scalar field is driven the dynamical features through the
kinetic and the potential energy terms, or the exponen-
tial coupling component, mimicking a matter dominated
epoch which can be stable in certain scenarios. In these
cases we have identified possible constraints for different
specific parameters of our model from a dynamical point
of view, leading to stable trajectories in the phase space.
A third class of cosmological solutions is represented by
the de–Sitter epoch where the effective equation of state
corresponds to the cosmological constant, explaining the
late time evolution of our Universe near the phantom di-
vide line boundary. This cosmological scenario is affected
mainly by the potential energy and the exponential cou-
pling function, without any influence from the kinetic en-
ergy term, an era where the scalar field can be regarded
as frozen. In this case the dark energy component dom-
inates in terms of density parameters and can lead to
a stable or saddle comportment in various specific cases
which have been analyzed in the attached figures. We
note that the sign of the kinetic term associated to the
scalar field is affecting mainly the form of the specific
eigenvalues and the corresponding dynamics.
The last class of critical points is represented by a cos-
mological solution where we have obtained the acceler-
ated expansion as a possible physical effect. The analy-
sis showed the existence of one critical point which be-
longs to this class, a solution characterized by the kinetic
and potential energy terms, without any influence from
the coupling function in the location of the phase space
structure. In the case of a negative kinetic energy the
effective equation of state corresponds to a phantom ori-
gin, while for the canonical case it can correspond to a
quintessence regime. For this solution we have identified
proper regions associated to various parameters of our
model which can lead to a stable regime capable of ex-
plaining the evolution towards the accelerated expansion
as a main physical effect, confirming the viability of the
present cosmological scenario.
The richness of the phase space structure in terms of
physical features unfolded within this study are asserting
the viability of this cosmological scenario which can ex-
plain the accelerated expansion and the existence of the
matter dominated epoch, a feasible model from a dynam-
ical point of view.
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